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INTEGRATED SEMICONDUCTOR CIRCUIT
DEVICE FOR GENERATING A SWITCHING
CONTROL SIGNAL USING A FLIP-FLOP CIRCUIT
INCLUDING CMOS FET’S AND FLIP-FLOP
SETTING MEANS

BACKGROUND OF THE INVENITON

1. Field of the Invention

The present invention relates to an integrated semi-
conductor circuit device, more particularly, it relates to
an integrated semiconductor device for generating a
switching control signal. The device, according to the
present invention, can be used for a semiconductor
memory device with a redundant circuit, such as, for
example, an erasable programmable read only memory
(EPROM).

2. Description of the Prior Art

In order to enhance the yield of semiconductor mem-
ory chips with a large memory capacity, these chips are
produced with a structure having a redundant circuit.

For example, in a read only memory having eight
parallel outputs, memory cell arrays for nine bits includ-
ing one redundant memory cell array are provided. The
first through the eighth memory cell arrays are the
regular memory cell arrays, while the ninth memory
cell array 1s the redundant memory cell array.

When a failure occurs in any of the regular memory
cell arrays, the ninth memory cell array is connected in
place of the failed regular memory cell array, so that the
normal operation of the device is maintained. This
switching of the connection from the regular memory
cell array to the redundant memory cell array is carried
out by a switching control signal generation circuit.
The function of this circuit is to decide whether a fuse
should be in a conductive or nonconductive state.

The output of such a prior art switching control sig-
nal generation circuit is sent to a switching circuit, and
the switching from a failed memory cell array to the
redundant memory cell array is made by blowing the
fuse. |

However, in this prior art circuit the current flows
through a pull-down resistor when the fuse is not
blown, and the power consumption due to this current
in the pull-down resistor is wasteful and causes other
problems.

That 1s, the peripheral circuits formed by comple-
mentary MOS field effect transistors around a semicon-
ductor memory device have the advantage of a lower
power consumption. For example, the current in the
peripheral circuits can be reduced to the order of 10—°
A. However, 1n this prior art circuit, the current flow-
ing through the pull-down resistor tends to be increased
to the order of 10—¢ A, and may reach up to 50X 10—%6
A. If such a current flows in the circuit, the advantage
of using complementary MOS field effect transistors
will be lost, and the advantage of using a redundant
circult cannot be fully appreciated.

SUMMARY OF THE INVENTION
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An object of the present invention is to provide an

improved semiconductor memory device with a redun-
dant circuit in which the current flowing through the
switching control signal generation circuit for the re-
dundant circuit is reduced, and the power consumption
in the switching control signal generation circuit for the
redundant circuit 1s also reduced, maintaining the ad-
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vantage of the use of complementary MOS field effec
transistors. |
In accordance with the present invention there is
provided an integrated semiconductor circuit device for
generating a switching control signal including a flip-
flop circuit including a cross-connected pair of comple-
mentary MOS field effect transistor type inverters, and
a fuse having one terminal connected to a power source
and another terminal connected to the flip-flop circuit.
The fhp-flop circuit generates a switching control sig-
nal corresponding to a conductive or nonconductive
state of the fuse. |

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cricuit diagram of a prior art switching
control signal generation circuit for a redundant circuit;

FIG. 2 is a schematic diagram of a semiconductor
memory device having a redundant circuit according to
an embodiment of the present invention:

FIGS. 3 and 4 are circuit diagrams of the fuse blow-
ing control circuits used in the device shown in FIG. 2;

FIG. 5 1s a circuit diagram of the switching control
signal generation circuit used in the device shown in
FIG. 2, and

FIG. 6 1s another circuit diagram of a circuit for
blowing the fuse.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Before describing the preferred embodiments of the
present invention, it is necessary to give a more detaiied
description of a prior art switching control generation
circuit and the problems arising therein in order to
better explain the advantages of the present invention
over the prior art.

An example of a prior art switching control signal
generation circuit is shown in FIG. 1. The circuit
shown in FIG. 1 includes a fuse 611’, a fuse blowing
control circuit FC, an N-channel field effect transistor
612', and a pull-down resistor 618.

One terminal of the fuse 611’ is connected to the
voltage source V., while the other terminal is con-
nected to the drain of an N-channel field effect transis-
tor 612° and one terminal of the pull-down resistor 618.
The output of the fuse blowing control circuit FC is
supplied to the gate of the transistor 612'. The source of
the transistor 612’ is grounded, and the output of the
switching control signal generation circuit is produced
from the junction 617 of the fuse 611’ and the transistor
612'.

The fuse 611', made of polycrystalline silicon, is
blown when the N-channel field effect transistor 612’
becomes ON. Hence, when the fuse 611’ is not blown,
the voltage of the junction 617 is equal to V., while

- when the fuse 611’ is blown, the voltage of the junction

617 1s that of ground.

The output of the switching control signal generation
circuit shown in FIG. 1 is used for controlling the
switching to the redundant memory cell array in such a
manner that the blowing of the fuse 611’ causes the
switching from a failure memory cell array to the re-
dundant memory cell array.

In the circuit shown in FIG. 1, however, the current
flows through the pull-down resistor 618 when the fuse
611’ 1s not blown, and the power consumption due to
the current in the pull-down resistor 618 is wasteful and

causes other problems.
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That 1s, the peripheral circuits formed by comple-
mentary MOS field effect transistors used around a
semiconductor memory device have the advantage of a
lower power consumption. For example, the current in
the peripheral circuits can be reduced to the order of
10—9 A. However, in the circuit shown in FIG. 1, the
current flowing through the pull-down resistor 618

tends to be increased to the order of 10—¢ A, and may
reach up to 50X 10—¢ A. If a large current flows in the

circuit, the advantage of using complementary MOS
field effect transistors will be lost, and at the same time,
the advantage of using the redundant circuit cannot be
appreciated.

The semiconductor memory device having a redun-
dant circuit according to an embodiment of the present
invention 1s illustrated in FIG. 2. The semiconductor
memory device shown in FIG. 2 is an erasable program-
mable read only memory (EPROM) type. This device is
provided with eight regular memory cell arrays 21, 22,
. . . 28 and one redundant memory cell array 29. The
device is also provided with switching circuits 31, 32, .
. . 38 corresponding to the regular memory cell arrays
21, 22, . . . 28, a switching circuit 39 corresponding to
the redundant memory cell array 29, and output buffer
circuits 41, 42, . . . 48 corresponding to the switching
circuits 31, 32, . . . 38. Eight bit data Q1, Q2, ... Q8,
from an address of the memory cell arrays, are obtained
at output terminals of the output buffer circuits 41, 42, .
. . 48. 'The output terminals of the output buffer circuits
41, 42, . . . 48 are connected to the Q1, Q2, Q8 input
terminals of the fuse blowing control circuits 51, 52, . .
. 98.

The output terminals of the fuse blowing control
circuits 51, 52, . . . 58 are connected to the FC1, FC2, .
. . FC8 mput terminals of the switching control signal
generation circuits 61, 62, . . . 68. The output terminal of
the fuse blowing control circuit 59 is connected to the
FC9 input terminal of the switching control signal gen-
eration circuit 69.

The output of the redundant memory cell array 29 is
adapted to be connected to the switching circuits 31, 32,
.. . 38 corresponding to the regular memory cell arrays,
via the switching circuit 39 corresponding to the redun-
dant memory cell array. Each of the switching circuits
31, 32, . . . 38 includes an inverter (311, 321, ... 381), a
first field effect transistor (312, 322, . . . 382), and a
second field effect transistor (313, 323, . . . 383). The
switching circuit 39 includes a field effect transistor 391.

The switching control signals BR1, BR2, . . . BRS,
produced from switching control signal generation
circuits 61, 62, . . . 68, are supplied to the switching
circuits 31, 32, . . . 38, while the switching control signal
BR9 produced from a switching control signal genera-
tton circuit 69 is supplied to the switching circuit 39.

Usually the potentials of the switching signals BR1,
BR2, ... BR9 are LOW, and hence the outputs of the
regular memory cell arrays 21, 22, . . . 28 are supplied
through the switching circuits 31, 32, . . . 38 to the
output buffer circuits 41, 42, . . . 48.

The replacement of the output of a selected regular
memory cell array, for example, 21, by the output of the
redundant memory cell array 29 is carried out as fol-
lows.

The replacement is selected by making the potential
of the redundant control signal RW, supplied to the fuse
blowing control circuits 51, 52, . . . 59, to be HIGH, and
making the potential of the Q1 input of the fuse blowing
control circuit 51 to be LOW, by an external means.
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According to the above-described instruction, the
potential of the FC1 output signal from the fuse blow-
ing control circuit 51 becomes HIGH, and the potential
of the FC9 output signal from the fuse blowing control
circuit 59 also becomes HIGH. When a HIGH FC1
signal 1s supplied to the switching control signal genera-

tion circuit 61 and a HIGH FC9 signal is supplied to the
switching control signal generation circuit 69, the fuses
in the switching control signal generation circuits 61

and 69 are blown, and hence both potentials of the
output signals BR1 and BR9 of the switching control
signal generation circuits 61 and 69 become HIGH.
Accordingly, the output of the redundant memory cell
array 29 1s supplied via the switching circuit 39 and 30
the switching circuit 31 to the output buffer circuit 41,
while the outputs of the regular memory cell arrays 22,
. . . 28 are supplied via the switching circuits 32, . . . 38
to the output buffer circuits 42, . . . 48. Thus, the re-
placement of the output of the regular memory cell
array 21 by the output of the redundant memory cell
array 29 1s achieved.

The fuse blowing control circuits 51, 52, . . . 58 have
the same structure; for example, the structure of the fuse
blowing control circuit 51 illustrated in FIG. 3. The
structure of the fuse blowing control circuit 39 is illus-
trated in FIG. 4.

The fuse blowing control circuit 51 includes an in-
verter 511, field effect transistors 512, 513, 514, and 515,
and an inverter 516. The fuse melting control circuit 59
includes a waveform shaper consisting of two inverters
formed by field effect transistors 591, 592, 593, and 594.

As described before, if the potential of the input sig-
nal Q1 1s made LOW and the potential of the redundant
control signal RW is made HIGH, the fuse blowing
control circuit 31 produces a HIGH FC1 output signal.
If the potential of the redundant control signal RW is
made HIGH, the fuse blowing control circuit 59 pro-
duces a HIGH FC9 output signal.

The switching control signal generation circuits 61,
62, . . . 69 have the same structure; for example, the
structure of the switching control signal generation
circuit 61 illustrated 1in FIG. 5.

The switching control signal generation circuit 61
includes a fuse 611, a field effect transistor 612, a capaci-
tor 613, a flip-flop unit 614 including two complemen-
tary MOS field effect transistor type inverters formed
by MOS field effect transistors 614a, 614H, 614c, and
6144, and a capacitor 615. When the fuse 611 is not
blown the potential of the output signal BR1 1s LOW,
while when the fuse 611 is blown the potential of the
output signal BR1 is HIGH. The capacitors 613 and 615
are provided for ensuring the HIGH potential of the
output signal BR1 when the power source is switched
on where the fuse 611 is blown. It is desirable to select
the conductance of the field effect transistor 614a to be
small 1n order to further ensure the HIGH potential of
the output signal BR1 when the power source is
switched on when the fuse 611 is blown. In order to
further ensure the HIGH potential of the output signal
BR1 when the power source is switched on when the
fuse 611 i1s blown, it is even more desirable to use a P
channel MOS field effect transistor 6142 having a small
Em.

Note, in the present invention, no current flows in the
switching control signal generation circuit 61 during
the steady state, contrary to the case of the prior art
circuit shown in FIG. 1.
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Although the preferred embodiment has been de-

scribed heretofore, various modifications and alter-

ations are possible without departing from the scope of

the present invention. For example, instead of the fuse
bilowing control circuit §1, it is possible to provide a
terminal pad connected to the lower terminal of the fuse
611 in the switching control signal generation circuit 61.
The application of a predetermined positive or negative
potential, or the application of ground potential to the
terminal pad will cause the fuse to blow.

As another example, it is possible to use laser radia-
tion instead of an electric signal for blowing the fuse.

As yet another example, instead of the use of a power
source having a relatively low voltage V. of, for exam-
ple, 5 V, for melting the fuse, it is also possible to use an
additional power source having a relatively high volt-
age Vppof, for example, 21 V, as shown in FIG. 6. In the
circuit shown in FIG. 6, the transistors 72 and 75, ex-
pressed by the transistor symbol having an angle mark,
have a high withstand voltage. During the period in
which the potential of the signal RW for blowing the
fuse 1s LOW, the transistor 76 is in the OFF state. Also,
the potential of the output of the inverter comprising of
the transistors 73 and 74 becomes HIGH. Hence, the
transistor 75 becomes conductive, and accordingly, the
voltage Vg becomes equal to V,. Thus, the blowing of
the fuse 1s easily carried out when the potential of the
stignal FC1 is made HIGH.

In the circuit shown in FIG. 6, the potential of the
signal RW 1s usually HIGH. Therefore, the transistor 76
becomes conductive, and the potential of the transistors
73 and 74 becomes LLOW. Hence, the transistor 75 en-
ters the OFF state, and the transistor 76 enters the ON
state. Accordingly, the voltage V¢ becomes equal to
V. The operation of the circuit 61 is the same as the
circuit of FIG. 4.

Further, the present invention is applicable not only
to an EPROM, but also to an integrated circuit for a
random access memory, an integrated circuit for a logic
circuit, or the like.

We claim:

1. An integrated semiconductor circuit device, opera-
tively connected to receive input signals and a redun-
dant control signal, including a memory device, said
memory device comprising:

a swiiching device, said switching device including:

a flip-flop circuit comprising a cross-connected
pair of complementary MOS field effect transis-
tor type inverters;

a fuse having one terminal operatively connected
to a power source and having the other terminal
operatively connected to said flip-flop circuit;

said flip-flop circuit generating a switching control
signal corresponding to a blown or unblown
state of said fuse;

integrated semiconductor circuits;

a redundant integrated semiconductor circuit;

first switching circuits, respectively, operatively con-

nected to said integrated semiconductor circuits
and to said redundant integrated semiconductor
circutt, for providing selective replacement of one
one of said integrated semiconductor circuits with
said redundant integrated semiconductor circuit in
accordance with the switching control signal;

a second switching circuit operatively connected

between said redundant integrated semiconductor

circuit and said first switching circuits;
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output buffer circuts, respectively, operatively con-

nected to said first switching circuits; and

fuse blowing control, respectively, operatively con-

nected to said integrated semiconductor circuits
and said redundant integrated semiconductor cir-
cult, for generating fuse blowing control signals in
accordance with the input signals and the redun-
dant control signal.

2. An integrated semiconductor circuit device, opera-
tively connectable to a power source, for a switching
control signal generation circuit generating a switching
control signal, said switching control signal generation
circuit comprising;: |

a fuse having a first terminal operatively connected to

the power source and having a second terminal;

and

a fhp-flop circutt, operatively connected to said sec-

ond terminal of said fuse, for generating the switch-
ing control signal which indicates a blown or un-
blown state of said fuse, said flip-flop circuit includ-
ing a pair of complementary MOS fuekd effect
transistor type inverters cross connected to each
other.

3. A semiconductor integrated memory device, oper-
atively connected to receive input signals and a redun-
dant control signal, comprising:

a redundant integrated semiconductor circuit;

regular itegrated semiconductor circuits, opera-

tively connected to said redundant integrated semi-
conductor circuit;

switching control signal generation circuits; each

comprising:

a fhp-flop circuit including a cross-connected pair
of complementary MOS field-effect transistor
type inverters, for generating a switching con-
trol signal; and | | |

a fuse having one terminal operatively connectable
to a power-source and having the other terminal
operatively connected to said flip-flop circuit,
said switching control signal corresponding to a
blown or unblown state of said fuse:;

first switching circuits, respectively, operatively
connected to said regular integrated semicon-

~ductor circuits and said switching control signal
generation circuits, for providing selective re-
placement of one of said regular integrated semi-
conductor circuits with said redundant inte-
grated semiconductor circuit in accordance with
the switching control signal;

a second switching circuit operatively connected
between said redundant integrated semiconduc-
tor circuit and said first switching circuits;

output buffer circuits, respectively, operatively
connected to said first switching circuits con-
nected to said regular integrated semiconductor
circuits; and

fuse blowing control circuits, respectively, opera-
tively connected to said regular and redundant
integrated semiconductor circuits, for generating
fuse blowing control signals in accordance with
the input signals and the redundant control sig-
nal.

4. An integrated semiconductor circuit device for
generating a switching control signal, comprising:

first and second power supply means for supplying a

power source voltage;

flip-tlop circuit means including a cross-connected

pair of complementary MOS field effect transistor
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type inverters, each of said inverters comprising
P-channel type and N-channel type MOS transis-
tors connected 1n series between said first and sec-

ond power supply means to form a common con-
nection node which 1s an output node of one of said
inverters, each of said P-channel transistors of one

of said inverters having commonly connected gates
connected to said common connection node of one
of the other of said inverters, said flip-flop circuit
means producing a first or second state while said
power source voltage is applied;

a fuse having a first terminal operatively connected to
one of said first and second power supply means
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and having a second terminal terminal, operatively
connected to said flip-flop circuit means, for setting
said flip-flop circuit means to the first state when

said fuse 1s in an unblown state; and
flip-flop setting means, operatively connected to at
least one of said common connection nodes of said

inverters, for setting said flip-flop circuit means to
the second state when said power source voltage is
applied and said fuse is in a blown state;

said flip-flop circuit means generating the switching
control signal corresponding to the blown or un-

blown state of said fuse.
% ¥ * x Xk -



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. : 4,614,881

DATED
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